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(57)Abstract: 

PROBLEM TO BE SOLVED: To minimize the existence of a protective film and improve 



the yield with the cleavage, assembling, etc., by forming a semiconductor layer to be a 
current block layer outside the protective film at the outsides of ridges. 
SOLUTION^ On a substrate 21 a first conductivity-type clad layer 11 and an active 
layer 12 are laminated, a protective film 31 which is an insulation layer is deposited 
thereon, the protective film 31 on a ridge dummy region at an outer part of the 
protective film 31 is removed through photolithography, a semiconductor layer to be a 
current block layer 16 is formed on the ridge dummy region, a ridge-forming opening is 
bored in a central part of the protective film by the photolithography, a second 
conductive clad layer 13a and a contact layer 14a are deposited on the ridge part and 
layers 13b, 14b corresponding to them are deposited on the ridge dummy region. Thus 
the yield with the cleavage and assembling can be improved. 
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CLAIMS 
[Ciaim(s)] 

[Claim 1] Semi-conductor luminescence equipment characterized by forming the 
current block layer in the outside of this protective coat on a substrate in the 
semi-conductor luminescence equipment which has a wrap protective coat in the 
compound semiconductor layer containing a barrier layer, the compound 
semiconductor layer of the ridge mold formed at opening, and the both sides of 
this opening field. 

[Claim 2] Semi-conductor luminescence equipment according to claim 1 with 
which the compound semiconductor layer containing the aforementioned barrier 



layer is characterized by including the layer with a refractive index smaller up 
• and down respectively than a barrier layer of a barrier layer. 
[Claim 3] Semi-conductor luminescence equipment according to claim 2 
characterized by for the layer by the side of a substrate being the 1st 
conductivity-type cladding layer among layers with a refractive index smaller 
than the barrier layer of the upper and lower sides of the aforementioned barrier 
layer, and the layer of another side being the 1st cladding layer of the 2nd 
conductivity type. 

[Claim 4] Semi-conductor luminescence equipment according to claim 1 to 3 with 
which the compound semiconductor layer of the aforementioned ridge mold is 
characterized by including a layer with a refractive index smaller than a barrier 
layer. 

[Claim 5] Semi-conductor luminescence equipment according to claim 4 with 
which a layer with a refractive index smaller than the aforementioned barrier 
layer is characterized by being the 2nd cladding layer of the 2nd conductivity 
type. 

[Claim 6] Semi-conductor luminescence equipment according to claim 1 to 5 with 
which said current block layer is characterized by being a semi-conductor layer. 



[Claim 7] Semi-conductor luminescence equipment according to claim 6 with 
which said current block layer is characterized by being the semi-conductor layer 
of the 1st conductivity type, or the semi-conductor layer of high resistance. 
[Claim 8] The manufacture approach of the semi-conductor luminescence 
equipment characterized by including the compound semiconductor layer which 
contains a barrier layer on a substrate and the process which forms a wrap 
protective coat in this order for opening at least, the process which carries out 
selective growth of the current block layer to the both sides of this protective coat, 
the process which forms opening at this protective coat, and the process which 
carries out selective growth of the compound semiconductor layer of a ridge 
mold to this opening. 

[Claim 9] The manufacture approach of the semi-conductor luminescence 
equipment characterized by to include the process which carries out the 
laminating of the compound semiconductor layer and the current block layer 
which contains a barrier layer on a substrate to this order, the process which 
removes a part of this current block layer, the process which forms this 
protective coat that has opening into that removed part, and the process which 



* t 



carries out selective growth of the compound semiconductor layer of a ridge 
mold at this opening. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 



[0001] 

[Field of the Invention] This invention relates to the semi-conductor 
luminescence equipment which has ridge mold stripe geometry suitable 
especially as semiconductor laser, and its manufacture approach with respect to 
semi-conductor luminescence equipment and its manufacture approach. 
[0002] 

[Description of the Prior Art] The structure and its creation approach of ridge 
waveguide mold stripe geometry semiconductor laser of a conventional type are 
shown in drawing 4 . As shown in drawing 4 (a), after growing up the 1st 
cladding layer 1 1 of the 1st conductivity type, a barrier layer 12, the 2nd cladding 
layer 13 of the 2nd conductivity type, and the 2nd conductivity-type contact layer 
14 on a substrate 21, the ridge section is formed by etching the 2nd 
conductivity-type contact layer 14 and the 2nd cladding layer 13 of the 2nd 
conductivity type by etching like drawing 4 (b). Under the present circumstances, 
etch to the middle of the 2nd cladding layer 13 of the 2nd conductivity type in the 
upper part of a barrier layer 12, this ridge section side face and the front face of 
parts other than a ridge are made for a current not to flow after that using an 
insulating layer 31, and parts other than a ridge are created by forming the 



electrodes 32 including the ridge upper part on it ( drawing 4 (c)). 
[0003] By making it such structure, a current is poured into a barrier layer 12 
through the ridge section, and the light corresponding to the presentation of a 
barrier layer 12 generates it by the barrier layer 12 under the ridge section. On 
the other hand, since the insulating layer 31 with a small refractive index is 
formed compared with a semi-conductor part, the effctive index of the barrier 
layer of parts other than a ridge becomes smaller than the effctive index of the 
ridge section. Consequently, the generated light will be confined in the optical 
waveguide of the ridge lower part. 

[0004] Since this ridge waveguide mold stripe geometry semi-conductor 
luminescence equipment formed the ridge part by etching, it was difficult to 
make regularity thickness for the clad layer into which parts other than the ridge 
on a barrier layer were etched. Consequently, the effctive index of the barrier 
layer of this part is sharply changed by the slight difference in the thickness of 
the cladding layer of parts other than this ridge. Moreover, it was difficult to 
create the laser which the width of face of the ridge pars basilaris ossis 
occipitalis which determines the width of face of current impregnation was also 
changed, therefore fixed the optical angle of divergence with the low threshold 



with sufficient repeatability. 

[0005] In order to solve such a problem, the crystal growth rate at the time of 
crystal growth is used, the thickness of the cladding layer of the barrier layer 
upper part is determined, a protective coat is created in addition to a ridge part, 
and the method of re-growing up a ridge part is proposed (JP,5-121822,A, 
JP,9-199791,A, etc.). The structure and its creation approach of such laser are 
shown in drawing 5 . first, this 1st cladding layer of 2nd conductivity type 13 front 
face after growing up the 1st cladding layer 11 of the 1st conductivity type, a 
barrier layer 12, and the 1st cladding layer 13 of the 2nd conductivity type on a 
substrate 21 ( drawing 5 (a)) - Si02 etc. - it covers with a protective coat 31, a 
stripe-like aperture is opened by the photolithography method, and selective 
growth of 2nd cladding layer of 2nd conductivity type 13a and the 2nd 
conductivity-type contact layer 14 is carried out only to this stripe field ( drawing 
5 (b)). subsequently, the side face of 2nd cladding layer of 2nd conductivity type 
13a which forms the wrap protective coat 31 and a ridge for parts other than a 
ridge and the surface whole of the 2nd conductivity-type contact layer 14 - SiNx 
etc. - insulating-layer 31a - covering -- again - SiNx of a ridge crowning An 
electrode 32 is formed in the whole front face after removing an insulating layer 



by the photolithography method ( drawing 5 (c)). 

[0006] Thus, by the insulating layer, when it was made for a current not to flow 
into parts other than a ridge, a front face will be covered by the insulating layer, 
and cleavage carried out it, and it had problems, such as ****** and electrode 
peeling. Moreover, when a pinhole etc. existed in an insulating layer, there was 
also a problem that a current flowed into parts other than a ridge, and the 
constriction of the current could not fully be carried out to them in a ridge part. 
When it assembles still like drawing 9 (b) by j-down flunction down) which turns 
a substrate side up and turns an epitaxial layer side down, since the compound 
semiconductor layer under it was reached only by solder material turning by the 
thickness of an electrode and a protective coat, it was easy to produce current 
leakage and the ridge part is sticking out compared with other parts, there are 
problems, - it is easy to cause degradation by stress ~, and it is not in a 
desirable condition. 
[0007] 

[Problem(s) to be Solved by the Invention] Thus, the ridge stripe mold 
waveguide structure semi-conductor luminescence equipment of a conventional 
type had the case where the yield fell by an insulating layer etc., without fully 



carrying out the constriction of the current to any parts other than a ridge by a 
protective coat etc. at LD by which it was made for a current not to flow again 
that it is hard to carry out cleavage and assembly, even when creating using 
re-growth. Moreover, when it assembled to j-down, degradation by the current 
leakage and stress to a part other than a ridge was caused, and there was a 
case where sufficient LD property was not acquired. 
[0008] 

[Means for Solving the Problem] this invention person etc. was considering as 
the semi-conductor luminescence equipment which has the structure the 
semi-conductor layer used as a current block layer having been formed outside, 
in the pan of the protective coat on the outside of a ridge, as a result of inquiring 
wholeheartedly the above-mentioned technical problem solving, when existence 
of a protective coat is recognized the minimum, and it finds out improving yields, 
such as cleavage and assembly, and it assembles by j-down, he found out that 
sufficient LD property is acquired, and he reached this invention. 
[0009] That is, the summaries of this invention are semi-conductor luminescence 
equipment with the ridge stripe mold waveguide structure where an example of 
the structure and a process was shown in drawing 1 , and its manufacture 



approach. The compound semiconductor layer which specifically contains a 
barrier layer on a substrate, the compound semiconductor layer of the ridge 
mold formed on opening by which a current is poured in, The semi-conductor 
luminescence equipment characterized by having the current block layer formed 
in the outside of this protective coat in the semi-conductor luminescence 
equipment which has a wrap protective coat in the both sides of this opening, 
The process which forms on a substrate the protective coat which has the 
compound semiconductor layer and opening containing a barrier layer at this 
order, The process which carries out selective growth of the current block layer 
to the both sides of this protective coat, the process which removes the part 
corresponding to opening of this protective coat, The manufacture approach of 
the semi-conductor luminescence equipment characterized by including the 
process which carries out selective growth of the compound semiconductor layer 
of a ridge mold to opening, The process which carries out the laminating of the 
compound semiconductor layer and current block layer which contain a barrier 
layer in a list on a substrate to this order, It is the manufacture approach of the 
semi-conductor luminescence equipment characterized by including the process 
which removes this a part of current block layer, the process which forms the 



protective coat which has this opening into the removed part, and the process 
which carries out selective growth of the compound semiconductor layer of a 
ridge mold to opening. 
[0010] 

[Embodiment of the Invention] Hereafter, this invention is explained to a detail. 
The structure of this invention is created by re-growth. That is, as shown in 
drawing 1 , the compound semiconductor layer containing a barrier layer first 
formed on a substrate usually contains the layer with a refractive index smaller 
than a barrier layer of a barrier layer up and down, among those, in the layer by 
the side of a substrate, the 1st conductivity-type cladding layer and the layer by 
the side of epitaxial of another side function as the 1st cladding layer of the 2nd 
conductivity type. In addition, the layer which functions as a lightguide layer may 
be included. Usually, it is terrorism (DH) structure in the double which comes to 
insert a barrier layer by the two-layer cladding layer, and the laminating of the 1st 
conductivity-type cladding layer 11, a barrier layer 12, and the 2nd 
conductivity-type cladding layer 13 is carried out one by one on a substrate 21. 
At this time, the antioxidizing layer which has the function to prevent scaling 
further, on the 2nd conductivity-type cladding layer 13 may be included, for 



example, the laminating of the direct antioxidizing layer 15 can be carried out, 
and this is desirable ( drawing 1 (a)). Next, the protective coat 31 which is an 
insulating layer is made to deposit, and the protective coat of a ridge dummy 
area is removed to the lateral part of this protective coat by the photolithography 
method. Suppose that it sees from an epitaxial layer side as it is indicated in 
drawing 8 as a ridge dummy area, and the lateral part of a protective coat is 
called a ridge dummy area including an epitaxial layer from a substrate. 
Suppose that the epitaxial layer which grew up to be it so that it might go to get 
on a protective coat 31 is also included. The current block layer 16 is formed in a 
ridge dummy area (drawing (b)). Furthermore, opening for ridge formation is 
opened in a part for the core of a protective coat by the photolithography method. 
As a configuration of opening, it is not limited to a stripe, for example, the part 
may spread out or you may be narrow. Besides, the 2nd cladding layer of the 
2nd conductivity type which is, the compound semiconductor layer, i.e., the 
compound semiconductor layer with a refractive index usually lower than a 
barrier layer, of a ridge mold, and the contact layer for resistance reduction are 
formed. In addition, the layer which functions as a lightguide layer may be 
included. By doing so, each layer 13b and 14b to which 2nd conductivity-type 



cladding layer 13a and the contact layer 14 correspond to a ridge dummy area 
with this deposits on a ridge part. 

[0011] Moreover, as shown in drawing 2 , 16 which becomes the antioxidizing 
layer 15 and a current block layer according to the 1st conductivity-type cladding 
layer 11, a barrier layer 12, the 2nd conductivity-type cladding layer 13, and the 
need is formed on a substrate 21 at the beginning (drawing (a)). Next, the 
protective coat 31 which removes the part which forms the ridge section and a 
protective coat (drawing (b)) and which is subsequently an insulator is made to 
deposit using the photolithography method and an etching technique, and 
opening is opened in a ridge dummy area and a ridge part by the 
photolithography method. Besides, the 2nd conductivity-type cladding layer and 
a contact layer are formed. By doing so, each layer 13b and 14b to which 2nd 
conductivity-type cladding layer 13a and the contact layer 14 correspond to a 
ridge dummy area with this deposits on a ridge part (drawing (c)). In addition, in 
drawing 1 (d) and drawing 2 (d), 32 and 33 are electrodes, are made to deposit 
by the well-known approach, and are formed. 

[0012] What is necessary is just to use the well-known growth approaches, such 
as MOCVD and MBE, for creation and re-growth of this double hetero structure. 



Moreover, since desirably grows up a crystal thin film on it, it is good to use 
semi-conductor single crystal substrates, such as GaAs, InP and Si, and ZnSe, 
especially the semiconducting crystal substrate which has zincblende structure, 
arid the crystal growth side of a substrate is desirable [ if there is conductivity 
also about a substrate, it can be used, but ] for a field (100) or a field equivalent 
to it and a crystallography target in that case. In addition, when you call it a field 
(100) in this description, it is not necessary to be necessarily a field [ being strict 
(100) ], and suppose that even the case where it has about a maximum of 
1 5-degree off angle type is included. 

[0013] Moreover, the substrate of a hexagonal mold is sufficient as a substrate, 
and it is formed also on aluminum 203, 6 H-SiC, etc. in that case. 
[0014] What is necessary is just to create DH structure using common lll-V 
groups, such as AIGaAs, AIGalnP, GalnPAs, AIGalnN, BeMgZnSSe, and 
CdZnSeTe, and an ll-VI group semi-conductor, although definition is not carried 
out about a cladding layer, a barrier layer, a current block layer, and the 2nd 
conductivity-type contact layer formed on the 2nd cladding layer of the .2nd 
conductivity type if needed for contact resistance reduction, either. Moreover, 
although what is necessary is just the ingredient which a current block layer 



makes concentrate a current on a ridge part at this time, and can start laser 
oscillation only in a ridge part, about thickness, if too thick, the controllability of 
ridge stripe width of face will worsen, for example, and when thin and it 
assembles to j-down, the effectiveness of calling off the stress to a ridge stripe 
part fades. Therefore, the lower limit of the thickness of a current block layer has 
desirable 100nm or more, its 300nm or more is more desirable, and its 500nm or 
more is the most desirable. Moreover, the upper limit has desirable 2000nm or 
less, its 1500nm or less is more desirable, and its 1000nm or less is the most 
desirable. Although an insulating layer is sufficient as a current block layer, it is 
desirable that it is a semi-conductor layer. In this case, as a conductivity type, it 
is the 1st conductivity type, or is high resistance, and as for the lower limit of 
carrier concentration, three or more [ 1x1 01 7cm - ] are desirable, three or more 
[ 5x1 01 7cm ^ ] are more desirable, and three or more [ 7x1 01 7cm - ] are the most 
desirable. Moreover, as for the upper limit, three or less [ 1x1 01 9cm - ] are 
desirable, three or less [ 5x1 01 8cm - ] are more desirable, and three or less 
.[ 3x1 01 8cm - ] are the most desirable. Moreover, in order to prevent the leakage 
of the current in the boundary parts of a protective coat and a current block layer, 
a current block layer has the more desirable thing which cut in a paste on a 



protective coat and which is formed like. 

[0015] although a current block layer is not limited about the width of face d of 
the protective coat at the time of growing up ( drawing 1 (b)), and especially the 
repeat width of face L of this protective coat ( drawing 1 (b)) - the ratio of the 
width of face d of this protective coat, and the repeat width of face L of this 
protective coat - since ****** of a ridge and control of carrier concentration 
become easy in [ 0.002 or more ] being 0.5 or less, d/L is desirable. Moreover, 
since it is necessary to open opening for ridge formation in this protective coat, if 
the width of face d of a protective coat is close to the width of face W of opening, 
it will become impossible to carry out selective growth which vacating opening 
with a sufficient precision spreads in difficulty and with which a ridge part and a 
ridge dummy area are going to get on a protective coat. At this time, the width of 
face D of the protective coat for ridge re-growth ( drawing 1 (c)) is set to d=2D+W. 
Although not limited especially about the width of face of a protective coat D, 
either, it is desirable, if 5 micrometers or more of 7 micrometers or more of 
minimums are 10 micrometers or more most preferably and they are filling the 
ratio of d/L about the upper limit preferably for the above-mentioned reason. 
[0016] Moreover, as for a cladding layer, an ingredient with a refractive index 



smaller than a barrier layer is chosen at this time. It is low resistance for an 
ingredient with a band gap smaller than that of a cladding layer usually being 
chosen, and taking ohmic nature with a metal electrode as a contact layer, and 
as for the lower limit of a suitable carrier consistency and carrier concentration, 
three or more [ 1x1 01 8cm - ] are desirable, and three or more [ 5x1 01 8cm - ] are 
more desirable. Moreover, as for the upper limit, three or less [ 5x1 01 9cm - ] are 
desirable, and three or less [ 2x1 01 9cm - ] are more desirable. 
[0017] The same ingredient as the 2nd cladding layer of the 2nd conductivity 
type may also use a layer with more high carrier concentration as a contact layer, 
or may make a part with high carrier concentration to the part by the side of the 
front face of the 2nd cladding layer of the 2nd conductivity type, and a part with 
high carrier concentration may be used as a contact layer. Moreover, a barrier 
layer is not limited when consisting of a single layer, but it decides to also include 
the multiple quantum well structure (MQW) which consists of a lightguide layer 
by which the laminating was carried out on the barrier layer pinched by the single 
quantum well structure (SQW) which consists of a lightguide layer a quantum 
well layer and this whose quantum well layer are pinched from the upper and 
lower sides, two or more quantum well layers, and them, and the best quantum 



well layer, and to the bottom of the lowest quantum well layer. Furthermore, 
variation in the flare angle of the light from which the variation in the presentation 
at the time of laser production becomes a cause as structure lower than the 
refractive index of the cladding layer which is on a barrier layer about the 
refractive index of the cladding layer of a ridge part can be made small. 
[0018] Although not limited especially about a protective coat, either, in order to 
have insulation in order to perform a current constriction by the protective coat of 
opening both the sides, and to give an effctive-index difference in a barrier layer 
between the ridge section and a protective coat horizontally and to attain 
stabilization of the transverse mode of laser oscillation so that current 
impregnation can be performed only to the field of the barrier layer under the 
ridge section formed on opening of a protective coat, as for the refractive index 
of a protective coat, it is desirable that it is smaller than the refractive index of a 
cladding layer. However, since the effective refractive-index level difference of 
the longitudinal direction within a barrier layer will tend to become large 
practically if a refractive-index difference is too large, the 1st cladding layer 
under a ridge must be thickened. On the other hand, although it is necessary to 
make a protective coat to some extent thick since light leakage-comes to be 



easy to the outside of a protective coat when a refractive-index difference is too 
small, the problem that cleavability worsens by this arises. These things are 
considered and combined, as for the lower limit of the refractive-index difference 
of a protective coat and a cladding layer, 0.1 or more are desirable, 0.2 or more 
are more desirable, and 0.7 or more are the most desirable. Moreover, as for the 
upper limit, 2.5 or less are desirable, 2.0 or less are more desirable, and 1.8 or 
less are the most desirable. 

[0019] Moreover, if the thickness which is extent from which an insulating 
property can fully be shown and light does not leak to the outside of a protective 
coat has the thickness of a protective coat, there will be especially no problem. 
The lower limit of the thickness of a protective coat has desirable 10nm or more, 
its 50nm or more is more desirable, and its 100nm or more is the most desirable. 
Moreover, the upper limit has desirable 50nm or less, its 300nm or less is more 
desirable, and its 200nm or less is the most desirable, moreover - although not 
limited about the width of face D of a protective coat, and especially the repeat 
width of face L of a ridge part - the ratio of the width of face D of this protective 
coat, and the repeat width of face L of a ridge part - when D/L is 0.25 or less 
[ 0.001 or more ], since control of the thickness of a ridge part or carrier 



concentration becomes easy, it is desirable. What is necessary is just to use the 
average of each width of face, if the width of face D of a protective coat and the 
repeat width of face L of a ridge part have the same width of face in the inside of 
each repeat unit and dispersion is in the width of face in the inside of each repeat 
unit about the same width of face here. 

[0020] Although it acts as an insulating layer, it is desirable that it is a dielectric, 
and specifically, a protective coat is the SiNx film, Si02 film, the SiON film, and 
aluminum 203. The film and ZnO The film and SiC It is chosen from the group 
which consists of film and an amorphous silicon, a protective coat - as a mask - 
MOCVD etc. - when using and forming the ridge section with selection 
re-growth, while being used, the object of a current constriction is also used. 
Triggered by the simplicity of a process, although it is desirable to use the thing 
of the same presentation as for the protective coat for current constrictions, and 
the protective coat for selective growth, the layer from which the presentation 
may differ and a presentation differs if needed may be formed to a multilayer. 
[0021] In order for the contact layer which a substrate front face mentions later 
on a ridge section side face crystallographically with a field (100) or it in the case 
of an equivalent field to make it easy to grow up using a sphalerite mold 



substrate, it is desirable that the stripe field longitudinal direction preferably used 
as opening of a protective coat is crystallographically extended in the equivalent 
direction with the [01-1] direction or it. In that case, most ridge side faces can 
turn into the Ath (31 1) page in many cases, and a contact layer can be grown up 
all over [ in which the growth on the 2nd cladding layer of the 2nd conductivity 
type which forms a ridge is possible ] substantial. The direction where a stripe 
field is extended when the substrate of the Ur Die Zeit mold is used for the same 
reason is [1 1-20] or [1-100] for example, (0001) on a field. It is desirable. HVPE 
(Hydride Vapor Phase Epitaxy) It is MOVPE although which direction is sufficient 
then. It is [11-20] then. A direction is more desirable. 

[0022] The compound semiconductor with which this inclination contains 
aluminum, Ga, and As as a configuration element, and when an AIGaAs system 
compound semiconductor is more specifically used as a cladding layer, 0.2 or 
more have [ the lower limit of AIGaAs, especially an AlAs mixed-crystal ratio ] the 
2nd desirable cladding layer of the 2nd conductivity type, 0.3 or more are more 
desirable, and . 0.4 or more are the most desirable. Moreover, as for the upper 
limit, 1.0 or less are desirable, 0.9 or less are more desirable, and 0.8 or less are 
the most desirable. In addition, when calling it "[1 [ 01-]] Direction" in this 



description, in a common lll-V group and an ll-VI group semi-conductor, the 
[01-1] direction is defined as [11-1] side which exists between a field (100) and 
[01-1] side being a field where V group or VI group element appears, 
respectively. Moreover, it is not necessary to be necessarily the direction of 
[01-1] JASUTO, and even the direction where about **10 degrees of directions 
shifted from [01-1] shall be included. 

[0023] The embodiment of this invention is not limited when a stripe field in case 
the above-mentioned opening is a stripe configuration is the [01-1] direction. 
Other embodiments are explained below. When the stripe field is extended in the 
[011] directions or the direction equivalent to it and a crystallography target, an 
anisotropy can be given to a growth rate, and it is quick in a field (100) and can 
avoid almost growing up by the Bth (111) page according to growth conditions. 
In that case, if it grows up to be a stripe-like window part (100) side selectively, 
the 2nd cladding layer of the ridge-like 2nd conductivity type which makes the 
Bth (111) page a side face will be formed. In case a contact layer is formed next 
also in this case, a contact layer is extensively formed also in the ridge side face 
which consists of the Bth (111) page with the ridge crowning of a field (100) by 
choosing the conditions from which isotropic, strong growth takes place more. 



MOCVD - the case where a group-lll-V-semiconducter layer is grown up using 
law - double hetero structure - the growth temperature C order of 700 degrees, 
and a V/lll ratio ~ 25 to about 45, and a ridge part - the growth temperature C of 
630-700 degrees, and a V/lll ratio - it is desirable to carry out about by 45 to 55. 
When the ridge part which carries out selective growth especially using a 
protective coat is a group lll-V semiconducter containing aluminum, such as 
AIGaAs, by introducing the HCI gas of a minute amount during growth, 
deposition of Pori to a protective coat top is prevented, and it is dramatically 
desirable, in that case, if there are too many amounts of installation of HCI gas, 
growth of an AIGaAs layer will not take place but a semi-conductor layer will etch 
into reverse - having (etching mode) it depends for the optimal amount of HCI 
installation on the number of III group feeding mols containing aluminum, such 
as trimethylaluminum, greatly. Specifically, it is III containing the number of 
supply mols and aluminum of HCI. As for the lower limit of the ratio (HCI/III 
group) of the number of group feeding mols, 0.01 or more are desirable, 0.05 or 
more are more desirable, and 0.1 or more are the most desirable. Moreover, as 
for the upper limit, 50 or less are desirable, ten or less are more desirable, and 
five or less are the most desirable. 



[0024] Or it is hard to oxidize the re-growth front face of a double hetero structure 
front face, even if it oxidizes in addition to the structure of this invention, it is also 
possible to form the antioxidizing layer which can remove an oxide film easily. 
Moreover, dispersion in the flare angle of light can also be made small by 
dispersion in the presentation of laser creation time as structure which becomes 
lower than the refractive index of the cladding layer which is on a barrier layer 
about the refractive index of the cladding layer of a ridge part. Furthermore, it 
can grow up so that the top face of a protective coat may be started in the 
cladding layer of a re-growing region using well-known technique, such as the 
describing [ above ] MOCVD method, the controllability of distribution of the light 
which oozes out near a protective coat and the ridge section can be improved, or 
it can grow up so that the top face of a protective coat may be started in the 
contact layer of a re-growing region, and a touch area with antioxidizing of a 
cladding layer side face or the electrode by the side of an epitaxial side can also 
be increased. You may perform independently growing up so that the protective 
coat upper part may be started in the cladding layer and contact layer of these 
re-growing region, respectively, and both may be combined. Thus, this invention 
is applicable to various ridge stripe mold waveguide structure semi-conductor 



luminescence equipments. Moreover, this structure is applicable also as LED of 
an end-face luminescence mold. 

[0025] In this invention, since it is characterized by making into the minimum 
area which uses an insulator layer by forming a current block layer in the outside 
of the protective coat which is an insulator layer, and a protective coat does not 
exist in the direction parallel to a resonator by this in the case of cleavage and 
only the minimum protective coat exists perpendicularly, cleavage becomes 
easy. Moreover, a ridge dummy area can make it thicker than a ridge stripe part 
by existence of a current block layer, as shown in drawing 9 (a), when it 
assembles by j-down, big stress does not go into a central ridge, but there is an 
advantage of preventing degradation. Moreover, there is an advantage of 
preventing the current leak depended for the solder material at the time of 
constructing and building by j-down structure by existence of a current block 
layer since a ridge dummy area serves as thyristor structure turning, and 
crowding. 

[0026] As most desirable gestalt that applied this invention As shown in drawing 
3 , form the antioxidizing layer 15 in DH front face, and cladding layer 13a and 
contact layer 14a which re-grew are grown up so that it may start up to the 



protective coat 31 upper part. Furthermore the refractive index of ridge section 
cladding layer 13a is made into the structure which becomes lower than the 
refractive index of the cladding layer 13 on a barrier layer, and it is made the 
structure which the current block layer 16 requires for the upper part of a 
protective coat 31 similarly. 

[0027] Moreover, although most is the 2nd cladding layer of the 2nd conductivity 
type, as for the compound semiconductor layer of a ridge mold, it is usually more 
desirable on the whole substantial surfaces, such as the side face and a top face, 
than other parts of a ridge mold compound semiconductor layer that the contact 
layer of low resistance is formed. Thus, resistance of the whole equipment can 
be low suppressed by giving touch area sufficient between an adjoining 
electrode and the 2nd adjoining cladding layer of the 2nd conductivity type 
through a contact layer. 

[0028] In addition, it is also possible to cover further a part of side face of a ridge 
in which the contact layer was formed, and top face, in the layer of the objects, 
such as antioxidizing. Resistance of the whole equipment can be suppressed 
small and it is included by this invention in the limitation rather than it forms an 
electrode, without forming a contact layer in a ridge side face also in that case. 



Especially, it is AIGalnP. A system and AIGalnN In the high ingredient 
(especially setting in p mold) of specific resistance, such as a system, it is 
effective in resistance reduction of the whole equipment. 
[0029] The structure where a part of compound semiconductor layer of the ridge 
mold which is the 2nd cladding layer of the 2nd conductivity type which re-grew 
using well-known technique, such as the above-mentioned MOCVD method, is 
formed on the protective coat so that it may cut in a paste is desirable. The lower 
limit of the part of the lap to the 2nd conductivity-type and protective coat top of 
the 2nd cladding layer has desirable 0.01 micrometers or more, and its 0.1 
micrometers or more are more desirable. Moreover, the upper limit has desirable 
less than 2.0 micrometers, and its 1.0 micrometers or less are more desirable. 
While the touch area of a contact layer and an electrode can be increased and 
the contact resistance of a contact layer and an electrode falls by being formed 
as mentioned above, the controllability of the optical distribution which oozes out 
near the boundary of a protective coat and a ridge pars basilaris ossis occipitalis 
can be raised. Moreover, when the contact layer which has a band gap smaller 
than the luminous energy which emits light from a barrier layer is used, the 
optical absorption of the contact layer formed in a ridge side face can be reduced, 



and improvement in a laser property or dependability can be realized. In this 
case, since to not necessarily form a protective coat in the side face of the 
compound semiconductor layer of a ridge mold like the conventional ridge 
waveguide mold laser and what is necessary is just in contact with the pars 
basilaris ossis occipitalis of the side face of said ridge configuration section in the 
protective coat in this invention, also in the simplification of a process, and cost 
reduction, it is effective. 

[0030] With the desirable operation aspect of this invention, the refractive index 
of the 1st cladding layer of the 2nd conductivity type is larger than the refractive 
index of the 2nd cladding layer of the 2nd conductivity type. As for the lower limit 
of the refractive-index difference of this 1st cladding layer of the 2nd conductivity 
type, and the 2nd cladding layer of the 2nd conductivity type, 0.005 or more are 
desirable, 0.01 or more are more desirable, and 0.02 or more are the most 
desirable. Moreover, as for the upper limit, 0.15 or less are desirable, 0.1 or less 
are more desirable, and 0.08 or less are the most desirable. Thereby, skirt length 
of the optical distribution (near-field pattern) to a ridge part can be controlled, 
and improvement in the laser property by side peak control of a level angle of 
divergence (far field pattern) or optical absorption control in a KONTOKUTO 



layer or dependability can be attained on the object disposition of a vertical angle 
of divergence (far field pattern). 

[0031] another desirable operation aspect of this invention the 1st cladding 
layer top of the 2nd conductivity type - at least - directly under [ protective coat 
opening ], i.e., a stripe field, - and it has an antioxidizing layer also on the both 
sides preferably. When this forms the cladding layer of the ridge section with 
re-growth, it becomes possible to prevent generating of a high resistive layer 
which increases passage resistance by the re-growth interface. Moreover, if 
impurities, such as oxygen, exist in a re-growth interface so much, acceleration 
of the impurity diffusion through the optical absorption (generation of heat) and 
the defect in an interface by crystal debasement etc. will be caused, and 
degradation of a property or dependability will be caused. If an antioxidizing 
layer is prepared, crystal debasement in these interfaces can be lessened. 
[0032] it is possible to combine with an embodiment which are enumerated 
below in addition to the above -- etc. - this invention is applicable to various 
ridge waveguide mold semi-conductor luminescence equipments. 
(1) The stress to the ridge section at the time of raising the yield at the time of 
cleavage and assembly, and assembling the both sides of a stripe field by 



junction down by [ of a wrap protective coat ] forming [ dielectric / a 
semi-conductor, ] the current block layer of a semi-conductor outside preferably 
further, can be mitigated, and suppose that it is long lasting. 

(2) when a front face adopt the substrate which have an off-angle type to field 
bearing of a low degree , even if the re-growth ridge section serve as a 
configuration of right and left asymmetry , the symmetric property of the 
longitudinal direction of optical density distribution (or beam profile ) enable it to 
become good , and the oscillation of it can be enable at the basic transverse 
mode stable to high power , and it can raise the component yield and 
dependability . 

(3) Perform easily control of the thickness of a stripe part, or a presentation and 
carrier concentration by forming the structure of having the ridge dummy area of 
a wrap protective coat where a current block layer is formed further outside for 
the both sides of a stripe field. 

[0033] 

[Example] Hereafter, although an example explains this invention to a detail 
further, this invention is not limited by the following example unless the summary 
is exceeded. 



(Example) This example is shown in drawing 1 . On the n mold GaAs 
(n=1x1018cm-3) substrate 21 with a thickness of 350 micrometers whose front 
face is a field (100) By the MOCVD method By Si dope Alx Ga1-x As 
(x=0.55:n=1x1018cm-3), by the n type 1st cladding layer 11 with a thickness of 
1 .5 micrometers, and non dope AIX Ga1-X As (x= 0.14) The barrier layer 12 with 
a thickness of 0.06 micrometers and the Zn dope AIX The laminating of Zn dope 
AIX Ga1-X As (x=0.2:p=1x1018cm-3) with a p type cladding layer [ 1st cladding 
layer 13 ] of with a thickness of 0.25 micrometers, and a thickness of 10nm was 
carried out one by one by Ga1-X As (x=0.55:p=1x1018cm-3). Next, it is SiNX as 
a protective coat. 200nm of film 31 is made to deposit, and it is this SiNX by the 
photolithography method. It is [ protective coat ] SiNX to the shape of a stripe 
with a width of face of 22 micrometers in the direction of [01-1] B. It left the film. 
With the direction of [01-1] B, [11-1] which exists between a field (100) and [01-1] 
side is defined as As side appearing in a front face here. Moreover, repeat width 
of face L of this ridge part was made into every 250 micrometers. (D/L=0.088) . 
Besides, selective growth of the Si dope GaAs(n=1x1018c m-3) 16 with a 
thickness of 0.5 micrometers was carried out by the MOCVD method. Next, it is 
stripe-like SiNX by the photolithography method. It is an open beam about the 



aperture of the shape of a stripe with a width of face of 2.2 micrometers to the 
direction of [01-1] B in a membranous core. When selective growth was 
performed by the MOCVD method and complete growth of a up to [ an ordinary 
substrate ] was besides performed in the shape of a ridge stripe, p mold contact 
layer 14 which is set to 0.5 micrometers in p type 2nd cladding layer 13a and Zn 
dope GaAs **** of carrier concentration 1x1019cm-3 which become 1.25 
micrometers in thickness by Zn dope AIX Ga1-X As (x=0.57:p=1x1018cm-3) was 
formed. As a result of measuring the thickness of the cladding layer which grew 
up to be a ridge part, or a contact layer by cross-section observation, the 
thickness was in agreement in the range of the case where it grows up to be an 
ordinary substrate completely, and an error. Then, the electrode by the side of p 
was vapor-deposited, and after making a substrate thin to 100 micrometers, the 
electrode by the side of n was vapor-deposited. The sectional view of the 
semiconductor luminescence equipment of this example was shown in drawing 
10 . In this way, when the chip was cut down by cleavage from the created wafer, 
there was no breakage by cleavage and there was also no electrode peeling by 
assembly. Luminescence was observed only in the place and ridge part which 
checked the near-field pattern, and it was checked that a current constriction is 



carried out only to the RIBBU part by current block. Moreover, when assembly 
was performed by j-down like drawing 9 (a), the very good current-voltage 
characteristic was shown as shown in drawing 6 , and it checked that there was 
no current leak by the non-ridge part, and checked that the product yield was 
also good and there was. 

[0034] (Example of a comparison) Laser was created at the same process as an 
example. Under the present circumstances, it is SiNX on p mold contact layer 14, 
without carrying out selective growth of the semi-conductor layer 16 as a current 
block layer. 200nm of insulator layers XY is made to deposit, and it is this SiNX 
by the photolithography method. It is [ insulator layer ] an open beam about a 
stripe-like aperture to width of face of 10 micrometers on a ridge stripe in the 
direction of [0-1-1] A. It was completely made the same as an example except 
this. The sectional view of the semi-conductor luminescence equipment of this 
example of a comparison was shown in drawing 11 . As a result of performing 
cleavage and assembly, it is SiNX to p- side front face. They are an electrode 
and SiNX in that cleavability worsens since the film and an electrode are formed 
****. Problems, like the film separates arose. Much laser with which signs that 
the whole barrier layer is emitting light by the current leak by the place and ridge 



dummy area which checked the near-field pattern are checked, and the 
constriction of the current is not fully carried out by the SiNx insulator layer was 
accepted. Moreover, many things which cannot take the current-voltage 
characteristic occurred, since the thickness of the part which grew up to be a 
ridge stripe and its both sides was the same, sufficient laser property was not 
acquired that it is easy to cause degradation in the stress from solder material 
etc., and the yield fell as current leakage was produced and it was shown in 
drawing 7 , when it assembled by j-down like drawing 9 (b). 
[0035] 

[Effect of the Invention] According to this invention, when the yield by cleavage 
and assembly improved and the current block layer existed in the outside of a 
ridge stripe, and it assembles by j-down since it is thicker than a ridge stripe part 
since the insulating layer aiming at the current constriction of ridge stripe mold 
waveguide structure semi-conductor luminescence equipment was not used, the 
stress to a ridge stripe part is mitigated, and high power and a longevity life can 
be attained. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] a is a sectional view in the phase which growth of the double hetero 
structure of the - semi-conductor luminescence equipment of this invention 
example which creates the ridge section with re-growth finished, b is a sectional 
view in the phase which current block **** growth of the semi-conductor 



luminescence equipment of this invention example which creates the ridge 
section with re-growth finished, c is a sectional view in the phase which ridge 
re-growth of the semi-conductor luminescence equipment of this invention 
example which creates the ridge section with re-growth finished, d is the 
sectional view of what the semi-conductor luminescence equipment of this 
invention example which creates the ridge section with re-growth completed. 
[Drawing 2] a is a sectional view in the phase which growth of the double hetero 
structure of the semi-conductor luminescence equipment of this invention 
example which creates the ridge section with re-growth finished, b is a sectional 
view in the phase which formation of the current block layer of the 
semi-conductor luminescence equipment of this invention example which 
creates the ridge section with re-growth finished, c is a sectional view in the 
phase which ridge re-growth of the semi-conductor luminescence equipment of 
this invention example which creates the ridge section with re-growth finished, d 
is the sectional view of what the semi-conductor luminescence equipment of this 
invention example which creates the ridge section with re-growth completed. 
[Drawing 3] The sectional view of what the semi-conductor luminescence 
equipment of one certain example completed among this inventions which 



create the ridge section with re-growth. 

[Drawing 4] a is a sectional view in the phase which DH growth of the 
conventional semi-conductor luminescence equipment which creates the ridge 
section by etching finished, b is a sectional view in the phase which ridge etching 
of the conventional semi-conductor luminescence equipment which creates the 
ridge section by etching finished, c is the sectional view of what the conventional 
semi-conductor luminescence equipment which creates the ridge section by 
etching completed. 

[Drawing 5] a is a sectional view in the phase which DH growth of the 
conventional semi-conductor luminescence equipment which creates the ridge 
section with re-growth finished, b is a sectional view in the phase which ridge 
re-growth of the conventional semi-conductor luminescence equipment which 
creates the ridge section with re-growth finished, c is the sectional view of what 
the conventional semi-conductor luminescence equipment which creates the 
ridge section with re-growth completed. 

[Drawing 6] The current-voltage characteristic . of the semi-conductor 
luminescence equipment which produced the ridge section in the example of this 
invention created with re-growth. 



[Drawing 7] The current-voltage characteristic which produced the conventional 
semi-conductor luminescence equipment which creates the ridge section with 
re-growth as an example of a comparison. 

[Drawing 8] Drawing in which being drawing which looked at the semi-conductor 
luminescence equipment of this invention from the epitaxial layer side, and 
having shown the protective coat and the ridge dummy area. 
[Drawing 9] (a) Drawing having shown signs that the semi-conductor 
luminescence equipment of this invention was constructed and built in the 
junction down mold, drawing having shown signs that the example of a 
comparison of the semi-conductor luminescence equipment of (b) this invention 
was constructed and built in the junction down mold. 

[Drawing 10] what the most desirable semi-conductor luminescence equipment 
of this invention completed - it is - an example - from ******** - a conductor - 
the sectional view of luminescence equipment 

[Drawing 11] The sectional view of what the semi-conductor luminescence 

equipment used for the example of a comparison completed. 

[Description of Notations] 

1 1 1st Cladding Layer of 1st Conductivity Type 



12 Barrier Layer 

1 3 1 st Cladding Layer of 2nd Conductivity Type 

13a The 2nd cladding layer of the 2nd conductivity type 

13b The 2nd cladding layer of the 2nd conductivity type made in the ridge 

dummy area 

14 2nd Conductivity-Type Contact Layer 

14a The 2nd conductivity-type contact layer made into the ridge part 

14b The 2nd conductivity-type contact layer made in the ridge dummy area 

15 Antioxidizing Layer 

1 6 Current Block Layer 
21 Substrate 

31 Protective Coat 
31a Insulating layer 

32 Epitaxial Layer Lateral Electrode 

33 Substrate Lateral Electrode 

34 Solder Material 

35 Heat Sink 

36 Bonding Wire 
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*H^#tcfc^T (ioo) mt^dms. 

LfcM££ (1 0 0) OffiTfe-S^Sti^<. S*l 5 
£t%o 10 

[0013] $/c, mmztt&m<Dmfo?i>£<. * 

So 

[0 0 14] ^77 KH^!Stt*> «ft7"n-y & 

micfc UTSwasstfi«©fcAic» 2 aura? 2 * 5 >y 

K)f ±lCJB$2n&!g 2 7 MllCO^T t> 

l®/£t±L&l/^x A 1 G a A s x AlGalnPx Ga 
InPASx AlGalnNx BeMgZnSSe, C 
d Z n S e T e ^©-flglft&I I I-VJ&x n-viK^#^ 
£ffl^TDH$3I£m£-f*ur £fcx C©i:i?x 20 
t^D^i-il^ U^^gp^tftSt^^S^x U>y 
i^#T©*l^-+f-5£g£i£xl-e3 i 9 WfifStl 
tfcfct^x if^lcMLTfiJPI-^xtx mtfy 7^*7. 
h7-T y>t'I<DSiJffllttA' ! Sx<^ f 3x m^t j -d ownfc 

je^rs^^isnso ^©fc^a^p 7 7jf ©s&© 

TMimt. 1 0 0 n mJiU:tf#* L < x 3 0 0 n mli(± 
AU0W$L<x 5 00nmKi*lt!ffSL^o £7c 
^(0±m{mts 2 0 0 0 n mlUTAWt L< x 15 0 0 
n rattBU <3 #2: L < x lOOOn m«T^St»* 30 

mmm?&zfr%rcim&iK?&K). **y7gg©T 

mmit. 1 x l 0 " cm" 3 W±*W3: L < x 5X10" 
c m" W±tf J: t> # $ t < x 7 x 1 0 " cm"' JJLktffi 
fe»*U\ £fc*©±Hiffi{i* lxio" cm" 
AWtL<x 5X10" cm"HTOWJL< 1 3 

x i o 18 cm' 3 wTflWfcfiFSu-Si sfcx ^sn^n 

ffit7"n 7 *JB©*JMB#T©*ffi©iin*l« 

t±x «ll[^ny*JIttfilWfcJtt©»)J!P*»*«IC*J«$ 40 

[0 0 15] «M7P^^JI«jSft-r«IROfilHi(Ofi 
d (Hi (b) ) fcC ©£«§!©« 9 iSUgL (01 

(b) ) tcov^Ttix &fcl©£L&v^x c©GM© 
flsd ££©&liM©iiit>&UIL©l±d/L#x 0. 0 
0 2 JiU: 0 . 5 UTT*5«^£fi 'J 7 ^©feo^x 
*+'J7»fiO«iJ»*^gS4:**<OTff*U'«o Xx c 

Cfcfr&x &ffj£©fIdJbV lPgPO*IWEifi.^ > fR 
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■tZChljtmmttto COBfx U-y^*S«Sffl£D« 
M^COtSD (01 (c) ) l£d = 2D+Wi:&3o ffi^ 

Ox TRBttfi 5 *U<«:5MmW±, <fc »3» $ L< li 7 *i 
[0 0 16] $fcx £©t£x 777 FHfix 

•)Hf$^^J.^«x;ns„ ny^^hjiiit 

'J^-^WIK2ti, &«*!£©*- 5 -y 7tt£® 

OTffifiltix 1X10" cm" 3 «±tf»*b<, 5 x 1 
0' 8 cm^filltfAOjfSU^ tfc J fr©±Hffi(ix 5 
x 1 0" cm" 3 WT*W$L<x 2X10" cm" 3 WT 

[0 0 l'7] S 2 2 777 FH i: R|— WftT? 

l^Tfcil^U ^Wiff§2ai«§y§§2 77 7 FJi©Sffi 

ffiy©--awc*+ y 7iga©ia^gp»*^0x y 7» 

fcx S14««x #-©H*^4S»^KHS*n-r» s 
^#P«fe«fctfiai?i)tF*%±TA^»5ty7t^ FB 
^6^S#-»?#P^jg (SQW) ^x «l!x©»?# 

jtjff-T FJifr&aswmtpniis (mqw) 
-r^xi^t-rsc ?e.tCx y^^gp^^^-y ym<dm 

[o oi8] ummc^rmimmLK^tiK um 
m<omn&±ic&&ztirc u >y ^»©T©sttiB©ts« 
c©**ataA*tf a s i d tCx p^pgppteofsa^T- 

/tx ffifMBfczK^lRltyy^aP, ^©^©KT^B 
f/f^M^o.tx U-1f5HI©«lt-KOS!S6fl:*BI*fe 
46lCx §IiOffi/rf(i^77 FI©1WJ:H'J^ 

-rtrs tsffiirt-e©«wrfij©ws»®Jf*a!i3b^t < 
* o av^/ci6tCx y >y s?t©s i77>y Kv&jy < t a 

^x e»M©yi-{iij^*^n- , fr< %«^»icfiinR« 

a<Sx < *s t ^ ? wmifiSi c§o c n& © c i: 

•frTx ffiffiH ttyvVmt ©ffiff *M©TPIfflt± 0 . 
lJW±AWSL<x 0. 2J^±*U0iffSL<x 0. 7 
W±aWifeff*U^ Sfc ; c-©±|5fifflti:2. 5WT*W 
fb<x 2. 0J^T^«t0SfSL<x 1. 8JWTtf»fc 



(5) 
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[oo i 9] ttz, uwB&<Dmw*. mmft&zitftic 
tDmstfhtiii, ¥ficmmiz^\ umm<om^<D-rm 

ma. 1 0 n mfcLbbW * b < , 5 0 n mttitfJ: *) W 

ffifi. 5 0nmOT*W*L<, 3 00 nm«T#J:9 
WtL<, 2 00nm«Ttflt^U\ Sfc. 
!MD i: 'J >y s^aw^ollOiBUBLIco^TttWlcH 
fcbftv^, iKDfiiKKOfiD t 'J y S>f»#©«t>igb 
*IL t<DitD/Ltf 0. 00 1J^±0. 2 5i-XTT*&5 10 

Mini, *tt^ft<D»t>jgb*ti* , 7®« 
[0020] moat. &wmtL-amt%tfmmw 

T*&£di:#$?£L<* MttWtcfi, SiNxK* SiOtK. 
SiONSl, Ah 03 m. ZnO BM, SiC URtfTt^T XSi 

*^*ss!b^a«?«ns 0 grat** vx^tbTMo 20 

CVD ft H^fflV^T U >y 5?as*lH?SJSSK: J: 0 «r 3 
[00 2 1] HSIBK$!£&*fflv\ frofiSSBtf 

(ioo) sfxtt^ntias^wtiniftBi©*^ u 
h7-r^is«fi^iqi^ [01-1] ^iRixs^ni:^ 

S£y-yS>fllii©*9$$W (31 1) AffitftSCfctf 

*J£ (0 00 1) ffi±T'fi[ 1 l-20]Xli[ 1 - 1 
0 0] *W$bl\> HVPE(Hydride Vapor Phase Epitax 
y) TfctH%60#fin?fcJ:V\&\ MOVPE T*«[ 11- 40 
2 0] £lRltfJ:?>#3:U\, 

[0 0 2 2] COHlfcti, ftl^tfAK CaRtfAs*S!«7C 
mt tT^trfk^«*»». i 0 AttWlC&AlGaAs^ifc 
£^¥«{*£*7-y FStbTfflWdi^ S2jf«§y 
mzfyv YJ&1$h l G a A s«ft A l A sSSltOT 
PSffi&O. 2W±tfJ8 s *L<» 0. 3tUubU»)»Sb 
<, 0. 4«±3Wit.»*U\ ^rz=t<D±m\m. 
1. 0WT*W*b<, 0. 91XTAUt)fi : Sb<, 
0. 8WT*»fe»*U''. fcfc, *WWl»C*J^T 

r [oi-i] tjirij -uawftin -v so 
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®k \\-v\Mtmfc\cS$^T, (100) It [0 1- 

i] mt(Dmcft&-?% [i i-i] mt>\ znznv 

*XttVI«7cJR#Satt£ffiT?fc3J:3fc [0 1-1] # 
|q|*^«r5o £/c, &-fbfc [0 1-1] -»XKD 
J5ffir?fc**&E8:*<» [0 1-1] 1SfafrZ>± 1 0° 

ejt^iRi^Tnfc73 in] $ t -^s^-r s <d 1 1 5o 

[0 0 2 3] *5S^O^flffliatt±l3©PBPai5A^ V? 

^^«Tfe5^oxh7Y/W^ [oi-i] ^ 
§ 0 ^h7^y«tf [oil] ^iftxtt^nttss* 
f8.mmm\cm?i&zi>rc-t£z>c£tfT'Z, do 

0) MTtiiK, (1 1 1) BffiT?ti:(3:i:A,if)&ftb& 

i/^ 3 ic-rs tit #t*#5„ xh^-rytt© 

8S(ioo) fflit»?«ic«fi*ff 5 t, (ill) 
B ffiSWBfcr 2 2 * 7 y Fgtf 

t), (l 00) ffioyy^MSGfctUc (l l l) Bffi 

ns„ moc vD&zm^-cui-vmitGVo¥mftm* 

ritfifS«^. ^;l/^f-o«jg«, fiKfififi7 0 0' 
CMm. V/IIIJ±2 5-4 5^S, Uy^a5»tt««S 
1630-7 00° C, V/IIlJt4 5-5 5efit?fTd 
OAWI bv\ NflcfiUnR«fflv>T»RASr « U v ^ 
SP^A 1 G a A sUcDA 1 *dOIII-Vftfb^**» 

»*u\ %<o%&. hc i ^xfosxM^-r^sk 

A 1 G a A sJPOjSftWSCS-r, iS»K^#(*»^xy 
f->^$tiTbS9 (xy^y^-F) *^ S)iftH 

lli«Rfittie*;l«h:*#<«frr*. ^ftWttt, 
HC l <D#t^;P^i:A l «r^/cIII 
SoJt (HC l/in «) ©Tffifitis o. o lJibktf 
»SL<, 0. 0 5O±««J:»)»Sb<, 0. iW±tf 

<, 1 OWT^«tO»* b<, 5JWT*<«t)»SbV^ 
[0 0 2 4] *»lfi©«JfiKin*T» ^T'/b-NXDliji 

aas<os«fiais*if!fk b^sv^ b < i4«ft ut 

^KIWblB*l«£?t*«J:54»{tl»ilJi*«ia-r*c: 
$SStti©±lc36§^77 KH©JSSf*J: 

±EMO C V Dim^PO?ffi*llfl LTBfllfi 
gpcD^ ^ -v KM«ffiMMO±S>c^« «t 5 icfiicS b, 
ffiSdi: 'J -y S>fM)ifi»K b*tt"r3ttO»ffOiWlitt* 

frA^S ct 5 t)«fib * 5 -y F««ffiO^{ki»ih^x If 
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[0025] *5Ewtfc^T{i, mmx-h^umm<D 
zmm&m>mkLrcct&nmtL. emtcj; m io 

ffltfGmtKZo *fc, «8&7a <y *«©#££ ±t>U 
y^5-«W««y y s^x K 7^ IS <-f£<: 

£#T't. 09 (a) IC^T j -d ownT'fflS 

3fc*!> j - d o w n*£T?ffl#fcTfc«£©¥H*t©S 
t>D :*t: <t5«j5Stn?rf55<*i:^9fiJ^fe5o 20 

[0026] *%wz&mLrcmt>m£L^mmtLT 

It, 0 3C^-r«t9KDH*ffilC«ftl»JhiiI 5*» 
It, ISfiStSLfc^-y FBI 3atny^^Hl 4 a 
(±{£8§i 3 1 ±»$ TAW* «fc 9 fcfilifiS £ 6. fc U 
<y^*gp*7>y l 3 a©JSHJT*%}S14«©±fcifeS* 

Lfcfc©Tfe5 0 

[0 0 2 7] UyS'SlOft^Hl^JWWitt, il 

2 mmmm 2 * ^ -y vmxh%t>\ ^© 30 

Rg-r 5 fcffift tf IS 2 ««§y^ 2*7yKlfcOlBIK+ 

[0028] n 5 n«?nf; 7 s>© 
hm*B&ii:irkmMitftf$.?z £ 0 fiSB^ftoaK 40 

*/M ^©KDfcfc^T. #5693 

KS^SftS&CT'fcSo WfJC, AlGalnP ^AlGalnN 
3fc*ifJtfiffi©iS^WB (fcOfcttpS^cfciAT) fcfc 

[002 9] M3£©M O C V D j£ag<D;£ft|©#?££{gffl 
LT»£S Lfcfg 2 2 * 5 v KflTfcS U >y *J 

0. 0 1 jimJfcU:*t#$L<, 0. 1 /imJjUi*U0» 50 
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*LV> 0 $fc*©_tlBfiiti\ 2. 0/tm*SI*WSb 
<U 1. Opm«T#J:9»3:U\ ±K©8KJBjS;* 
n3£fc£<fcD3>*^/gfc«ffifc©jgteffii»£ii* 
S-SScfctf"?*, 3>**FJifc«ffifc©«ttffiJfi*< 
Ttf 5 £ i: t» ffiSH t V y t ©^Wifi^tc L 

fc, fiH4*fr6Btt-r5ft©x*;i/*-«fc D'JvSW:/ 
U y i?WmKLBAZ1te xy*? vmvytwzim? 

5o £©*§£, '&%<DVyi?m%M]s-*f<D&oic&? 

t»cgp©®JS©JSg|5K^ffili^bTfentfJ:v>©T-yn 
[0 0 3 0] #^©38: lA^8§1£f£T?li, Sg2iS« 

mmit^v h'mvjmv&m 2 mmmm 2<>?y m 

©JBtff*±0fe**^o cOg2itiIl *vy KB 
i: SB 2 2^77 FJi©JB*f *«©THffltt» 
0. 00 5«±WSU<, 0. 0 1 W±!bU5»tt 
<, 0. 0 2W±^Stfft U\, t/c ; f-©±Kfil{i, 
0. 1 0. l«T^J:t)»*b<, 

0. 0 8aTiWit>»*u\ cnictt). uvsJawfr 

^©^fli (i£ffi»«) ©^§ 1 1 5 c i: ««T 

oft Giffl5«o ©•y-'TFtr-^w^ J6«^»3>h 
[0031] if-mm^ ut^j©nsfiaafi-ptt, ^2 

1 *7>y K)B±©'>ft< fcfe««IIIMP»ia 

m\tm±m* s 0 c nt «t 0 u «y ~>*sp© ^ 5 >y fb 

Sfc, Hgif Hn a pHffiTtCcti.WffiT©7t©i|X ^ 

c n e ©nffiK fent § ^ B B SP D pKfff t^'>^ < -r 5 c 1 1$ 
[0032] ±tEewk:, wTfc^-r*«*g«B»« 

( 1 ) X h 5^y«l«©Mffly^S-5«a^©MtCy1-W»C 

Sfflfl^f b < ti^#i*©«^y a >y tm* 
W>l$.?Z>ilt\z&r>, mm, l§3i^©*9SD^|p)±? 

S>+ > ^ > 3 >^>7 > T?ffl*fiT-fclR© 'J >y 
©X h UX^gMLTft^t-r^C itfft*. 

(2) gffi*ME#©ffi#ffi»cflLT*77V^**rT 
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( 3 ) Xh7^ ^WMoPoff «S 5 fSS§l©H£ Mflfc: 
[0 0 3 3] 

[HSS0IJ] JJTR *56W*^Sfieak:±OMK»fflK:SiW 10 

(nsfiW) coDHjfiffiittiaiK^-rfeo-pa&So affitf 

(100) iT'|.§fJ3 5 0 /imOnfGaAs (n 
= 1 x 1 0" cm" 3 ) ffig2 1 ±IC, MOC VDffiKJ: 
D S i F-7A 1, Gai-, A s (x = 0. 5 5 : n = 

lxio" cm"') T'S^l. 5(im©nlf 1^77 
Ml K />F-yAh Ga,-< As(x = 0. 1 
4)?B$0. 0 6 ./tm©ffittJB 1 2, ZnK-?Al 
x Can A s (x = 0. 5 5 : p= 1 x 1 o" c 20 
m" 3 )TJS£0. 2 5(imOpSSl^7«yKI13, 
I^lOnmOZnK-yAh Gam As (x = 
0. 2 : p = 1 x l o' 8 cm" 3 ) *JR&aHBbfc. *t 
«8H£bTS i N« H3 l«2 00nm*a?^ 7 
*h'jy^77-f-SKJ:!)COS i N< ^Hffitc [0 
1-1] B^mcm2 2 (im(D^b7^7^KS i Nx 

n*aibf=o Lc-e [oi-i] B^ttt (ioo) 

®£ [01-1] [1 1 - 1 ] 2M s 

fflft <Dm<0 MLUS LIS.2 5 0 ii m£"b£Lrz 0 (D/L 30 
= 0. 0 8 8) o CO±fCM0CVDffit<t»), J¥£ 
0. 5(im©S i K-7GaAs (n=lxio"cm 
" 3 ) 1 6*S!ftj£g<*-&fc. *C, 7*hUV^7-f 
-ffilCfctK Xh7^7«OS i Nx &©!£&£ [0 1 
-1] B73fr£*S2. 2 /^m©X^7^7 , :|*©^g£llm:^■ 
f;:o C©±£, MOCVD&lcJ:0jHRjSft%ffV\ U 
7 h v-T 7«{c, .So 5 ©S«±'\©£ii.jSg*fT 
o/c^-&t, ZnF-7Alx Ga.-x As (x = 0. 
5 7 : p= 1 x l o' 8 cm" 3 ) TMt 1.25 iimt& 
%£?%pmm2t7<y Kill 3 at^-V-UTSKl x 40 
1 o" c m ! ©Z n F-7G a A s T)l^ 0. 5 fimb 
fc-ScfcS&pIJny^hJf 1 4£frMbfc 0 V<yi?» 

f?KJ:»)88£bfc»es, ^oJWHi-SoSwSSt^iB 
fiJcfiLfc^t^MoSBHT— g(tfco C©ll pffl© 
««*aS*U 1 0 0 /i mST'S< bfc&fc nffll 

©*«*i!(»bfc. 01 oiz*nffim<D¥-mwimmw 

©BJrflBHfcjjsbfco cldLT^Lfc7x/N-J;0^ 
T? ^ <y D tti bfc t £ 5 „ SBBC «t £3MMtf £ < , 
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J: t> , 'J -y 7a5#©*fc*fc&fcSttT^3©*^S 
ftfc. 09 (a) <D£?K j -d o wnT'fiiE^ 
fro fete 3, H 6 fcgVra 9 WE 

Wtt&jj*u #y >y^gi5^o*Sttn*^^c tsa 
[0034] (jt««i) mmm t ra«©i8T? u— >f * 

fFfiJtbfco COB, *ffi7ny*BfcbT©¥iSK*Bl 
6©StRfig««:W;:pS3>^^hMl 4©±fcS i 
Nx IfeftJiX Y£2 0 0 nm«i^^ 7*h , JV4'7 
7-r-ffiK«tt)«i©s i Nx teSUKfc: [0- 1 - 1] A 
7?[rJ{C 'J -y v?X h 7±£"fl 1 0 /imtX I-7^ 7tf 

©£*iww-fco cnfiwti^<is«WfciRiuictfc. 0 
«4*tiofcis«» p-ffl^ffitcs i Nx m. 

m^tl5f£46tC^tt!b^<*ofct5, *fe S i N 

{*#BttbT^5«?!WitB£ftS i Nx*§«cJ:9 
09 (b) ©±3CJ-down"Pffl*fiTfcJS^», 

««E»n*^i:, 07tc^-ray, «fi-«E*ti4©h 

ti&vt ©#£»»£ U 'J 'y^Xh^/tfiDil 
[0 0 3 5] 

b, 'J >y S?X h 9^7V>fl.fflfctt«S7'n >y ^«*^«E 
'J vz/Xh7'f7&ft3:*)$>B^rcit>i -d own 
■WB»4Tfc«^K y -y v'X h 7gp^©X h UX 
^@ML, flM«llj|T««, 
[0ffi©f§¥3M] 

[01] a a y -y sw^jsfiic <t y ^a-r § *%b^^ 
o fcis^T'©^® 0 O b tt >j -y ittumaakK. «t o f¥« 

o fclSKT-©Wffi0o c It 'J >y ->*gP*Sfi!c5 

ic * y ^ fig-r 5 *.&mmmm<D*m#3&mw<D v <> *j 
sic * o j^**aw*iw«©*»(*i»iaiBo^ia 

Lfct©©»iffl0o 

[02] att'Jy -7ffi*SJ«fiK cfc y.^fiStf § #5SBJ^ 
^©^(tRJtSSO^I/'N-rDflljiCjRS^IRt) 

o fc©Ptr*©WfE0o b (* y -y iy'gp^Sfigfifc a k> im 
mmttmt) o fcisKT©»fffi0o c a y >y ^gp^SBSts 

C <t ») 3*fP£ll«J©¥##fgftgB© 'J -y 
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fife <fc t> ff «T £*?§WliffiP©¥«{*S§ftgM©5M 
Lfck©©»rffi0o 

[03] >; -y S>6P*f|jSftK: J: 0 fistf* **»fl©-5 
©©#r®0 o 

[0 4] a « y v vwkx. v?y>fic <t o ms-r-sft* 

0 O b I* U y ^gffcx -y ?K «fc 0 {W3fi£&©¥ 
»f*3£)£g«© 'J >y $>x «y ?y7t>mt>? fc&|5gT*©»r 10 
B0 O c I* U y $>i5*x >y f - > J: t) 3 ft*© 
¥»(*$8ftSH<D^JS t It fe ©©Bfr® So 
[0 5] a ti «J <y 5^as*f?figfi*«: =fc 0 fMW*fi£*©¥ 

H: 'J -y S?»*BjS*fc: J: 5 <Mf *Wk<D*m»f&m 
H© 'J >y o fcSPiT©|frffi0o c 'J -y 

fiitt^t©©Wffi0o 

[06] «j y i?m%n&&K i o ma-r s+arco^ss 

0jT*fttSLfc¥#ttfl^g©mffi-*ffi1#1fo 20 
[0 7] 'J -y^£ll$«££(M1W 3 &*©¥*{* 

[08] *«W© i l i «(*58^H%xtr^*i/+;WBfll 

00 

[09] (a) *ffla&mmm&mzv*>9S'a 
y?v>mcmfrrcTrcm?*7rsLrzm, (b) *»w 
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: ,ffl^fcTfc«?^Lfc0o 

[01 o] *ftw<DmmzL^¥WK¥zymm(D5ci$. 

0o 

[011] Jtl^K«fflLfciN^5BteftB©^*Lfc 
£>©©8ffffi0o 
[ft^©I£BJ3] 
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m^fa -y 

umm 
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